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In the present discussion a comprehensive review of all methods of
transfusing human blood would lead us too far from our immediate sub-
ject. It will therefore be expedient to dismiss briefly and with very
general consideration those methods of transfusion which involve the
direct anastomosis of blood-vessels and not to attempt to estimate their
relative merits. For a detailed discussion of the difficulties and limita-
tions of this class of operation the reader is referred to the notable work
of Crile published in 1909. Since the introduction of Crile's method,
other ingenious devices have been contrived to facilitate the accomplish-
ment of transfusion by an end-to-end junction of the blood-vessels, and
there have been numerous accounts of the success of these operations.
Less notice, however, has been given of the failures which from time to
time have occurred. From a study of the literature, and from the per-
sonal communications of those who have had experience with the different
ways of performing transfusion by anastomosis, we believe that it is fair
to say of such methods that they ought not to be attempted by the general
practitioner; that even in the most skilful hands, the presence of some
slight adverse condition may seriously interfere with the chances of
success; and that in all of these methods there is no satisfactory way of
measuring the amount of blood which is actually transfused.
Passing on to those methods of transfusion which depend on the
agency of an intermediate receptacle, one finds, in looking over the litera¬
ture, that such methods were employed many years ago with defibrinated
blood, particularly as applied to battle-field surgery. Esmarch, in 1877,
in his work on the treatment of the wounded in war, gave a detailed
description of the method advocated by him for use in the Prussian army.
He believed in using only hydrostatic pressure to carry the blood into
the vein ; and the illustration which he gives of his contrivance for this
purpose bears a very striking resemblance to a modern salvarsan infusion
apparatus. Another device of this period was Collin's transfusion appa¬
ratus, which consisted of a large funnel and a cylindrical force-pump,
communicating by a check-valve with a glass reservoir. From this
reservoir, which also served as an air-trap, the blood was led by a tube
*From the Physiological Laboratory of the College of Physicians and Sur-
geons, Columbia University.
*Submitted for publication Aug. 8, 1913.
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and cannula into the vessel of the recipient. Hasse about the same time
employed a screw-piston syringe, and Uterhart a syringe designed to trap
air-bubbles. Hiirter, another contemporary surgeon, recommended a
similar method for arterial transfusion. It is mentioned by Esmarch
that injection into an artery of the recipient obviates the danger of over-
distending the right heart, and that where a vein is used, not more than
25 gm. of blood a minute should ever be injected.
With all these methods the blood was carefully defibrinated by
whipping, and Esmarch recommends two defibrinations and two nitra¬
tions to insure against the possibility of injecting coagulum. The ques¬
tion of asepsis was at that time, of course, considered only in the most
general way.
About ten years later Esmarch, influenced by the researches of
Köhler on the properties of defibrinated blood, came to the conclusion
that there is a dissolving action of the fibrin ferment in defibrinated
blood on the red blood-cells, and also the possibility of causing coagulative
changes in the circulating blood of the recipient, and that therefore
"every form of transfusion of blood is to be rejected." A few years later
Köhler's work was confirmed by Edelberg and much later by Schultz. In
1900 Esmarch reiterated his condemnation of defibrinated blood and
recommended intravenous saline infusion for every indication that form¬
erly demanded transfusion. Fuld, in 1903, and Morawitz in 1905,
showed that the harmful substances in defibrinated blood was changed to
an apparently harmless modification if filtration-from the coagula was
conducted without pressure, and if the blood was kept for a short time
after defibrination before being injected into the circulation.
Those who have more recently experimented with the use of homolo¬
gous defibrinated blood for intravenous transfusion vary in their estimate
of the value of the procedure as a therapeutic method. Morawitz, in a
later communication, says that there is great danger in infusing defi¬
brinated blood into the circulation unless ample time has been allowed
for the completion of all changes which may take place in the coagulative
factors. The experiments of Moldovan indicate that thirty-five minutes,
after defibrination is the time-limit of safety. Although Curtis and
David have given intravenous injections of freshly defibrinated blood
in dogs in four experiments and found it to have been safely utilized by
the recipient animal, these authors are not led to advocate the method for
human transfusion. Hiirter asserts his belief, based on clinical results
in thirty-five transfusions for pernicious anemia, that the use of fresh
unaltered blood is much better than the use of defibrinated blood, espe¬
cially in the aplastic type of this disease. The investigations of Pike,
Guthrie and Stewart on the resuscitation of the blood, indicate that the
preservation of defibrinated blood for twenty-four hours impairs the
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physiological functioning of the erythrocytes, and they express the belief
that blood, when preserved outside the circulation, soon undergoes
changes which affect its nutritive as well as its bactericidal properties.
The experiments of Genou in 1901 apparently indicated that plasma had
little or no bacteriolytic action in vitro on a variety of organisms which
were destroyed by serum. This supported Metchnikoff's theory that
complement is derived from the leukocytes and liberated by changes
induced in them during the process of coagulation. Addis, however, has
since shown that Genou did not directly compare plasma with serum, but
serum from cell-free plasma with serum from blood, and concludes from
his experiments with "paraffin plasma" which he obtained by a very
careful technic, that complement is not derived from injured leukocytes,
that there is as much complement in plasma as in serum, that it is prob¬
ably present in the circulating plasma of the blood and is not a product
of coagulation.
Stevens and Lee, in 1884, in the course of perfusion experiments with
defibrinated blood on the frog and terrapin, demonstrated the presence
of an active vasoconstricting substance in defibrinated blood which was
apparently due to some product of the coagulative process. The experi¬
ments of Brodie were, however, the first to indicate that there were dis¬
tinctly different vasomotor agents in plasma and in serum, the main
result of his investigations being the discovery of a vasodilator substance
in blood-serum acting centrally on the vasomotor system through the
pulmonary branches of the vagus, which this author determined to be a
protein of the albumin class, coagulable by boiling and produced during
the process of clotting by some action of the corpuscles. Sollmann found
that serum produces a direct vasodilator effect on the isolated kidney
limited to the efferent vessels, and O'Connor determined that the vaso¬
constricting effect of serum was due, not to its epinephrin content, but to
some substance liberated during coagulation. O'Connor's observations
were later confirmed by Falta and Fleming, and the existence of such a
substance was inferred by Stewart and Harvey from their finding that
the serum from a patient with Addison's disease, whose adrenal remains
after death yielded no suprarenin, produced as great a constrictor effect
on the vessels of an isolated rabbit kidney as did normal serum.
Stewart and Harvey followed up this observation with a series of
perfusion experiments showing the effects of human, dog, rabbit and
sheep serum and plasma on the isolated renal vessels of the dog and
rabbit, on the peripheral vessels of the rabbit and frog, and on the coro¬
nary arteries of the isolated rabbit heart, and came to the conclusion that
there is: (a) a vasodilator substance in plasma and in serum which is
specific for the vessels of the kidney, acting directly on the muscle coats
of the arteries, which is a protein of the albumin class and is precipitated
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by boiling and by alcohol; (b) a vasoconstrictor substance in serum,
liberated by the process of clotting of the blood, which acts on the renal
vessels and also on the vessels of the limb, which is not a protein, is
soluble in alcohol and resists boiling.
If these conclusions be accepted as the vasomotor effects of plasma
or undefibrinated blood and of serum or defibrinated blood, it is evident
that the action of the latter must be a complex resultant of opposed forces.
That a deleterious effect is produced by the presence in blood intended
for transfusion of substances having such a complicated action on the
vasomotor system, would be difficult to prove in any given case. But,
generally speaking, it is desirable beyond peradventure that blood for
transfusion should be without any alteration of normal physiological
function, except where some special therapeutic effect is sought, as from
specifically immunized blood. Apart from the dangers of insufficient
defibrination, the chances of bacterial contamination, and the other objec¬
tions just mentioned, the use of defibrinated blood seems particularly
inadequate from a physiological standpoint in those cases (purpura,
hemophilia, etc.) in which the potential clotting elements of the patient's
blood are presumably lacking or at fault.
The transfer of fresh blood from one human being to another through
the agency of an intermediate receptacle seems to have been first prac¬
ticed by von Ziemssen over twenty years ago. The method described by
this author required one operator and three assistants. The arm of the
donor was congested by a bandage and a prominent vein at the bend of
the elbow was punctured without skin incision by means of a hollow
cylindrical needle and the blood was withdrawn into a 25 c.c. piston
syringe. While this syringe was filling another needle was likewise
introduced into the recipient's vein. The ligature was then removed
from the recipient's arm and the first syringe, as soon as filled, was
quickly carried over and attached to the needle in the recipient's vein and
the blood slowly injected. Meanwhile a second syringe was attached to
the donor's needle as soon as disconnected from the first syringe, and
the same procedure repeated. A third syringe followed in the same way,
the first one being meanwhile carefully washed out by an assistant.
Ziemssen reported that the transfer of from 250 to 300 c.c. of blood in
this manner took not longer than fifteen to twenty minutes. In his first
series of seven cases he stated that he observed chills and elevations of
temperature in three cases and that in one of these instances he had
trouble with a clot in the recipient's needle which had to be removed.
He, however, considered the method less liable to the risk of causing
dangerous coagulative changes in the circulating blood than transfusion
by end-to-end anastomosis or the use of defibrinated blood.
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A method was recommended by Moritz in 1911 which did not materi¬
ally differ from Ziemssen's, except that the needles were fitted with stop¬
cocks and connected with the syringe by means of an intermediate tube
of glass and rubber also provided with stop-cocks. Immediately after
each withdrawal or injection of blood, sterile normal salt solution was
injected through the needles and the stop-cocks were closed. Strips of
adhesive plaster were used to minimize as far as possible the movement
of the needles while within the veins. It is mentioned by Moritz that
the needles are of such fine caliber that no clots of any size could possibly
be injected into the circulation. Hiirter recommends Moritz's method
and claims to have had success with it although he refers to it as involv¬
ing a delicate technic.
More recently Lindeman has advocated a method which he has prac¬
ticed successfully on children and adults in a considerable number of
cases. His method differs from that of Ziemssen and of Moritz in that
he has devised a special set of invaginated cylindrical cannulas, and that
a dozen or more syringes of 20 c.c. capacity are employed in rapid succes¬
sion to convey the blood from one cannula to the other. An improve¬
ment over the Ziemssen and Moritz technics is the avoidance of trau¬
matizing the intima of the veins by the many abrading movements within
the blood-vessel of a sharp-pointed instrument, incidental to the frequent
connection and disconnection of the syringes. This feature is minimized
by Lindeman in that the sharp innermost cannula of his set is withdrawn
from the vein as soon as it has done its work of penetration. It should
also be mentioned that all cannulas receive an internal coating of liquid
paraffin before use.
As no special measures to delay or prevent clotting of the blood while
in the receptacle are employed in this class of operation, success and
safety necessarily depend on celerity of action in conveying the blood from
the vessel of the donor to that of the recipient. Prompt and repeated
washing out of the cannulas with normal salt solution is also imperative.
Each syringeful of blood involves one interruption of flow, two connec¬
tions to blood-vessels and two disconnections, which subjects the punc¬
tured vein-wall to a considerable amount of manipulation during the
course of the transfusion. Where much blood is to be transfused by this
method many syringes are required, and this makes the outlay for appa¬
ratus a matter for consideration in judging of the general usefulness of
the procedure. To keep a dozen or more syringes in good working order
with strict asepsis, and to have the intelligent, prompt and coordinated
action of at least three operators, renders this type of operation impossible
for emergency use except in a hospital, and takes it out of the hands of
the general practitioner. We believe, however, that this method in its
simplest application, as reported by Cooley and Vaughan, should prove
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a valuable resource in emergencies, where only 10 to 20 c.c. of blood are
required, and an ordinary syringe with needle is the most convenient
instrument at hand.
It is evident to anyone who has given it consideration that a large
field of usefulness would be open to the operation of blood-transfusion
if it could be performed safely, quickly and surely by anyone possessing
ordinary surgical skill, and, if possible, without expert assistance.
It occurred to one of us that such a practicable method might be
evolved if a satisfactory apparatus could be devised to withdraw a con¬
siderable quantity of blood at one time from a vessel of the donor and
inject it into a vessel of the recipient without risk of clotting ; and more
particularly from a study of the recent investigations of Howell, of Duke
and of Whipple on the nature and significance of the factors concerned
in blood-coagulation, it seemed that there were two alternative lines of
experimentation which held out some promise of overcoming the danger
of clotting in blood-transfusion. These alternatives are :
(a) The employment of an intermediate system, providing no point of con¬
tact with any moistenable surface, and at the same time minimizing as far as
possible the exposure of broken tissue surface to the blood-stream; (6) the
employment of a sufficient amount of some physiologic agent (antithrombin),
to restrain or offset the initiative factors of coagulation during the time of the
conveyance of the blood through a foreign system, such as glass and metal.
The investigation of the possibilities of the second of these alterna¬
tives is already under way and will form the subject of a later
communication.
It is, however, with the development of the first of these procedures
that the present paper has to do; and we may say at once that this has
resulted in a method of drawing blood from the donor's blood-vessel
directly into a paraffin receptacle, carrying the blood to the recipient,
and injecting it into the recipient's circulation in precisely the same
way in which it was obtained from the donor. Excepting the air-
contact of its upper surface while in the receptacle, the blood does not
touch anything but paraffin during its passage. The paraffin receptacle
consists of a thin film of hard paraffin, lining a firm supporting structure.
The latter comprises a tubulated glass cylinder, closed at the lower end
by an asbestos stopper, through which passes a metal cannula. The upper
end of the cylinder passes directly into an aspirating tube containing an
air-filter and terminating in a mouth-piece.
In considering the work which has already been done with paraffin-
coated apparatus, we have been especially impressed with the reports of
Curtis and David, and of Eisley and Irving. From the findings of these
investigators it seemed wise to plan some preliminary experiments to
ascertain the essential requirements of a conveying system with a pro¬
tective lining.
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The materials which appear to have served best as antieoagulative
coating agents in former experimental work1 are the paraffins, ordinary
commercial petrolatum, the neutral saponifiablc oils and stearic acid.
The latter seemed to possess no peculiar advantage and was rejected by
us on theoretic grounds, because of the possible hemolytic effect2 which
is known to be a characteristic of some of the unsaturated fatty acids.
The trial mixtures were, therefore, confined to ingredients of the first
three classes. Olive oil and the expressed oil of almonds were chosen
from the neutral saponifiable oils, and, when combined in proper propor¬
tions with paraffin and petrolatum, formed fairly satisfactory mixtures.
The vegetable oils were, however, finally abandoned on account of their
tendency to favor the growth of mold.
In judging the suitability of the paraffin mixtures, the physical
qualities considered were :
1. Macroscopic smoothness and uniformity of surface, and micro¬
scopic fineness and uniformity of reticulation.
2. Cohesiveriess and adhesiveness to glass, silver and asbestos when
congealed.
3. Greasiness of surface, as judged by repulsion and globulation of
watery fluids.
As a final test, glass tubes of 2 mm. internal diameter, coated with the
mixture, were tested by aspirating a short column of blood directly from
the vein of an animal, and the relative clotting-time of this blood-column
was observed and compared with that in a similar tube without coating.
The combination finally adopted as the best of twenty-four mixtures
tested was :
Griibper's filtered paraffin, melting point 60 to 62 ('. ( 140 to 143.6 F.). 56 parts
by weight, and pure white petrolatum, 44 parts by weight. This mixture has a
melting point of 49 to 50 C. (120.2 to 122 F.).
Experiments to develop the best form of cannula and blood-receptacle
were carried out as indicated in the reports of Experiments 1 to  !,
inclusive. Several glass cylinders having a piston or plunger discharge
were abandoned, as this type of apparatus was found difficult of control
for slow delivery, uncertain in action, required the use of a third hand
in effecting the transfer, and was not nearly so delicate as the simple
pneumatic discharge assisted by gravity, which was afterward adopted.
Experiments with needles and cannulas for introduction into the
vein led to many changes before a satisfactory method was evolved. It
1. Bernheim. B. M.: Jour. Am. Med. Assn., 1912, lviii, 1007. Bordet and
Genou: Ann. de l'Inst. Past., 1903, p. 822. Brewer and Legget: Surg., Gynec.
and Obstet., 1909, ix, 293. Vincent, B.: Am. Jour. Dis. Child., 1911, i, 376.
2. Adler, H. M.: The Archives Int. Med., 1913, xi, 187. Hopkins, A. H.:
The Archives Int. Med., 1913, xi, 300.
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was found impossible to coat with paraffin a cylindrical needle and flexible
connecting tube in conjunction with a glass container, so as to preserve
an intact coating throughout the entire system, and at the same time
provide a sufficiently wide channel for effectual aspiration and delivery.
The wax mixture was, therefore, in the next experiments, used for coat¬
ing the glass containers only, and oil or liquid paraffin was resorted to as
a coating for the needles and tubing. This makeshift worked with
moderate satisfaction on the experimental animal, but is open to at least
a theoretic objection on account of the considerable amount of liquid oil
which may enter the circulation, and the practical objection that with
a flexible connection the whole aspirating apparatus cannot be held and
Fig. 1.—Longitudinal section of cannula seated in asbestos stopper of pipet.
the cannula directed into the vein with one hand, while the other hand of
the operator is left free to fix the wall of the vein. At this stage of our
investigation it became evident that it would be advantageous to devise
a special cannula rigidly connected with a glass cylinder, forming a pipet.
The construction of this instrument was based on several important
principles which a diagram will elucidate (Fig. 1).
The point of the instrument is conical in shape and is designed to
stretch apart the tissues penetrated, while effecting the least possible
injury. The distal opening of the cannula is placed laterally and the
edges of this opening are smoothly rounded. The thickening or shoulder
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just back of the opening serves as a stop and prevents possible leakage
when the cannula is pushed into the vein.
It will be seen, by reference to Figure 1 that the cylindrical part of
the lumen extends for only a fraction of an inch, and then immediately
widens. This enlargement, though appearing as a very gradual taper,
provides an increase in the circumference proportionate to the increase
of the radius, and an increase in the area of the cross-section propor¬
tionate to the squares of the radii; so that at the point B, which has a
diameter double that of point A, the circumference of a contained column
of fluid is only doubled, but its volume is increased four times. This
means that at  the degree of lateral contact of the column is diminished
one-half in relation to the sectional area of the column at that point.
The wall of a tube of small diameter, which can be wet by a contained
fluid, necessarily determines a certain amount of lateral friction on a
Fig. 2.—Distal end of cannula showing position in vein. Shoulder just back
of opening prevents leakage from blood vessel.
moving column of that fluid, the peripheral layer of the column adhering
so closely to the wall of the tube as to be practically motionless. It is
obvious that a paraffin coating on the wall of such a tube materially
lessens this peripheral friction. That friction is also lessened by expand¬
ing the caliber of the cannula and reducing its length to a minimum,
may be readily deduced from the law of Poiseuille for determining the
outflow of fluid from capillary tubes. This law may be expressed by the
equation :
D'H
Q=-
L
That is to say, the quantity, Q, which is discharged in a unit of time
is directly proportional to the fourth power of the diameter, D, of the
Downloaded From: http://archinte.jamanetwork.com/ by a University of Pennsylvania User  on 06/18/2015
60 THE ARCHIVES OF INTERNAL MEDICINE
tube, and to the height of the pressure,  , and indirectly proportional
to the length of the tube, L. It may furthermore be reasonably assumed-,
and there is experimental evidence to support the assumption,3 that
diminished friction of blood in a foreign system, is associated with a
diminished tendency to coagulation.
The important feature of the short attachment of the cannula to the
neck of the pipet is contrived by means of an air-tight asbestos stopper,
enclosing the proximal end of the cannula and making the latter an arm
Fig. 3.—Pipet with cannula in position for insertion in vein.
of the pipet, the two members together forming virtually a rigid one-
piece apparatus (Fig. 3).
METHOD OF PREPARATION AND USE OF APPARATUS
The process of coating the inside of the apparatus with paraffin
requires a careful technic to be successful. The pipet must be thoroughly
cleaned and free from moisture, and two coats are applied. The first
3. H\l=u"\rthle,K.: Archiv. f. d. ges. Physiol., 1900, lxxxii, 436-438.
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coating is done at 68 to 71 C. (154.4 to 159.8 F.) in a bath containing
a quantity of the paraffin mixture sufficient to allow the cylinder to be
immersed for its entire length and to a depth of at least half its diameter.
It is then rotated in the melted wax until uniformly heated. Air-bubbles
must be avoided in the removal of the cylinder from the bath, and the
coating must take place under sterile precautions. When the first coating
is thoroughly hardened a sterile aspirating tube is attached, and the
sterile asbestos stopper and cannula are snugly inserted (Fig. 4).
The second coating is applied by aspirating the hot paraffin mixture
from the bath, at a temperature of 60 to 61 C. (140 to 141.8 F.) through
the cannula .into the cylinder. When the inflowing paraffin has reached
a level of about 1 cm. above the neck of the pipet, it is immediately
Fig. 4.—Pipet and cannula with aspirating tube and mouth-piece attached.
expelled. The cannula is then lifted from beneath the surface of the
bath and its lumen quickly cleared by gentle blowing through the mouth¬
piece, care being taken to avoid any back suction which would result in
air-bubbles. The cannula is finally protected by covering with a piece
of sterile-glass tubing held in place by a strip of adhesive plaster.
In warm weather the apparatus should be prepared at least one hour
in advance of use so as to allow the paraffin to harden thoroughly. If a
sharp cannula is used, attention must be given not to damage the point
when coating the apparatus, and in every case its lumen must be smooth
and clean before coating.
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It should be stated here that both sharp and blunt-pointed cannulas
have been used. The use of the former constitutes the simpler method of
penetrating the vein when the size of the blood-vessel admits of free
manipulation, but a fine probe point is to be preferred in most cases,
especially if the vein is small and the danger of wounding or penetrating
the opposite wall is, therefore, increased.
METHOD OF TRANSFUSION
The method of transfusing with the blunt-pointed cannula is as
follows :
Instruments.—Knife, scissors, thumb forceps, fixation forceps, one or
two mosquito clamps, several self-retaining stylets of different sizes(Fig. 5), sutures and needles for closing the skin wound.
Fig. 5.—Self-retaining stylets used to puncture blood-vessel.
Apparatus.—Several prepared pipets having cannulas of the size
likely to be needed for the case at hand, two obturating sleeves with
clamps attached; a small tube of sterile liquid paraffin and some sterile
petrolatum; a sterile aspirating tube; a cotton air-filter, and a
mouth-piece.
Operation.—The donating and recipient veins are exposed under local
anesthesia in the usual manner through incisions about 4 cm. in length,
and the fasciai sheath is cleared away so that a firm hold of the vein-wall
can be secured. A pipet with a cannula suited to the size of the recipient
vein is chosen, the aspirating tube with mouth-piece is attached and an
obturating sleeve, with clamp attached, is dipped into sterile liquid
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paraffin and slipped over the cannula. The action of the sleeve is tested
to make sure that it will slip easily backward and forward and it is then
retracted to a position just proximal to the shoulder of the cannula.
Suitable stylets are selected, dipped in sterile petrolatum, and inserten
through the walls of both veins. The direction of penetration should be
with the current in the recipient vein and against the current in the
donating vein. The operator, having taken the mouth-piece and holding
the pipet in his right hand, fixes the wall of the donating vein with a
forceps in his left hand immediately beyond the point where the stylet
has just been introduced, and exerts slight traction upward. The stylet
is then quickly removed, by means of its attached loop, with a finger of
the right hand, the traction on the vein controlling the outflow of blood ;
and the cannula is then pushed through the small hole which has been
punctured by the stylet. The arm of the donor is now constricted above,
and the blood is drawn into the pipet by aspiration. When enough blood
has been obtained the cannula is withdrawn from the vein with one hand,
while with the other hand the obturating sleeve is pushed to its distal
position covering the mouth of the cannula a moment after it emerges
from the vein. A little blood is purposely allowed to flow from the
cannula at this juncture to remove any thromboplastie substance which
may have been collected from the broken surface of the vessel-wall at the
moment of withdrawal. The duties of an assistant, who may be the
donor himself, arc to remove the constriction of the arm when the blood
has been obtained and to press a sterile gauze compress over the wound
until it is ready for suture. Introduction of the blood into the vein of
the recipient is accomplished in precisely the same way as just described
for its withdrawal, except that the fourth or fifth finger of the right
hand of the operator is used to retract the obturating sleeve at the
moment of entering the vein.
The capacity of the pipet which has been found most useful is about
225 c.c. It is probably inadvisable to take more than 200 c.c. of blood
at one time. A second pipet can be used for a second transfusion if
desirable. Not more than twelve minutes should elapse in making a
single transfusion with safety. One hundred and fifty c.c. should be
obtained in from two to five minutes, depending on the abundance of
blood-flow in the donor's arm; and this should be injected in from four
to six minutes. There is probably no danger of overdistending the right
auricle if delivery is effected no faster than 50 c.c. per minute for an
adult, and 20 to 25 c.c. per minute for a child.
In conclusion we present, in chronologic order and as briefly as the
details will permit, a report of our experiments in transfusing animals
with this apparatus, together with our clinical application of the method
in three cases.
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EXPERIMENTAL AND CLINICAL REPORTS
Experiment 1.—Feb. 12. 1913: Dog 1, male. 5.81 kg. E'ther anesthesia.
Femoral and external jugular veins exposed.
Apparatus: glass cylinders with asbestos-packed piston plungers: two open¬
ings at opposite ends of cylinder, one for aspiration and one for delivery. Cylin¬
ders previously coated with the plunger in position for delivery. Paraffin mixture
2. Delivery tube of rubber, 5 cm. in length, coupling the glass cylinder to an
ordinary hollow needle of medium size (1.16 mm. external diameter). Delivery
tube and needle not coated.
Aspiration of blood accomplished by suction with rubber bulb connected by
tubing to proximal opening of cylinder provided for the purpose. When cylin¬
der was filled with blood this opening was shut off and delivery effected by
advancing the plunger. The tubing and needle were tried at first dry and then
with an internal coating of oil. The blood clotted promptly in the tube and
needle in the first instance, and less promptly in the tube and needle which had
received the coating of oil. A much more satisfactory delivery was effected by
the use of a tapered cannula with oil coating. The blood remained fluid in the
paraffin-lined glass cylinders from nine to eleven minutes, the temperature of the
room being about 20 C. (08 F.). The action of the plunger was found to be
uncertain and difficult to control. The dog was killed at the end of the
experiment.
Experiment 2.—Feb. 14, 1913: Dog 2. female. 6.34 kg. Ether anesthesia.
Both femoral and external jugulai1 veins exposed.
Apparatus: glass cylinder, about 80 c.c. capacity, previously coated with
paraffin mixture No. 7. having two openings at opposite ends, one for pneumatic
aspiration and expulsion of the blood, and the other for connection as in last
experiment. A specially modified tapered cannula and large size (1.62 mm.
external diameter) cylindrical needles were employed: cannula, needles and
connecting tubes were coated with oil.
First trial (tapered cannula) : 00 c.c. of blood taken from jugular and with¬
out difficulty discharged into femoral vein. The small amount of blood remain¬
ing in cylinder clotted in twelve minutes thirty seconds.
Second trial (cylindrical needle) : transfusion not effected owing to clotting
in needle.
Third trial (tapered cannula): 40 c.c. taken from femoral and without diffi¬
culty discharged into jugular. The small amount of blood reserved in cylinder
clotted in approximately fifteen minutes. The dog was killed at the end of the
experiment and the veins Avere dissected out and opened. No evidence of clotting
was in the veins.
Experiment 3.—Feb. 15, 1913:' Dog 3. male. 9.9 kg. Ether anesthesia. Asep¬
tic precautions. Right femoral and right jugular veins exposed.
Apparatus: glass cylinder communicating directly through stopper with a
specially curved and tapered cannula. The entire apparatus provided with an
intact coating of paraffin mixture 0. The result of the preliminary test of the
coagulation time of the dog's blood (Biffi-Brooks method) was that at 37.5 C.
(99.5 F.) at the end of two minutes there was a slight fibrin formation; at two
minutes forty seconds a slight fibrin formation : at four minutes a complete
clot. About 48 c.c. of blood were aspirated from the jugular vein by means of a
rubber bulb, an aspirating tube was clamped, the cannula withdrawn and the hole
in the vein clamped with mosquito clamp and subsequently tied with fine catgut.
There was considerable dripping of blood from the cannula which obscured the
field of operation and required sponging with salt solution. The cannula was
introduced into the exposed femoral vein in the same manner and about 45 c.c.
of blood was discharged and the puncture hole tied off as before. The time of
entrance of the cannula into the first vein to the withdrawal from the second
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vein was a little more than four minutes. Most of the blood reserved in the pipet
was allowed to run out six minutes five seconds after withdrawal from the first
vein, and a four-loop preparation of this was taken and transferred to the cham¬
ber of a Biffi-Brooks coagulometer with observation as follows:
Temp. 35 C. (95 F.), forty seconds; no clotting.
Temp. 34.6 C. (94.2 F.), one minute forty seconds; no clotting.
Temp 33.2 C. (91.7 F.), four minutes thirty-five seconds; fairly firm clot.
.
The skin wounds were closed, collodion dressing applied and the dog allowed
to come from under the anesthetic. The small amount of blood reserved in the
pipet was examined at thirty-five minutes after withdrawal from the vein. That
portion remaining in the cannula and in the cylinder adjacent to it was found
clotted, but the larger portion which had flowed back in the cylinder as it lay
in the horizontal position was still fluid. A loop of this was removed to the
coagulometer and found to dissipate completely when plunged into water. The
dog appeared perfectly normal after the operation and showed no subsequent
ill-effects.
Clinical Trial, Case 1.—Feb. 16, 1913: E. B., a girl aged 7%, was admitted
to the hospital Jan. 24, 1913, with scarlet fever, in the eighth day of her illness.
Temperature 103 F., pulse 138, respiration 24; heart, lungs, abdominal organs and
urine were negative on admission. The patient appeared to be making a good
recovery until February 6, when she had a chill and a sudden rise of temperature
to 105.8 F., and several days later developed signs of a nephritis. By February
12 she had a fully developed purpuric rash with scant bloody urine and joint pains.
February 14 an uncontrollable oozing hemorrhage started from the nose, the con¬
dition of the patient became rapidly worse and a systolic heart-murmur developed.
Horse-serum, 10 c.c, was given subcutaneously. February 15 the epistaxis con¬
tinued; there was evidence of cardiac dilatation on percussion; vomiting of blood
recurred at intervals; the hemorrhagic rash was very marked and widely dis¬
tributed. Horse-serum plugs were placed in the nostrils and 20 c.c horse-serum
given subcutaneously. February 16 the patient vomited bloody fluid continually,
retained no food or medication by mouth, the temperature was 98.4 F., pulse 160
and hardly perceptible at the wrist, respiration 26; a tarry stool was passed at
4 p. m.; the condition was evidently moribund. The father was summoned and
offered to serve as donor for a transfusion. Apparatus similar to that in
Experiment 3 was used, and 65 c.c. of blood was removed from the donor's median
basilic vein and injected into the median cephalic vein of the patient. The trans¬
fer took place in approximately three and one-half minutes. No difficulty of any
kind was experienced except for the dripping of blood from the cannula at the
moment of entering the recipient vein, which required sponging. The small
amount of blood remaining in the pipet did not clot until twenty-one minutes
after withdrawal from the vein. The patient's pulse and mental condition seemed
slightly better shortly after the transfusion, but death occurred early on the
morning of the following day.
A condensed report of the macroscopic findings at the autopsy, performed by
Dr. George P. Biggs fourteen hours after death, follows: Heart: distinct dilata¬
tion of the left ventricle, petechial hemorrhages of the endocardium and hemor¬
rhagic areas in the papillary muscles on cross-section. Kidneys: considerably
enlarged, capsules not adherent, surface smooth, pyramids and cortex both greatly
swollen, cortex light in color and markings indistinct. Suprarenals: rather large,
left containing a small area of softening in the upper portion, the right a small
area of softening in the lower portion; no definite hemorrhages. Ulcerative lesion
of the left tonsil and base of the tongue with erosion of blood-vessels. Multiple
hemorrhagic areas of the lungs and spleen. Petechial areas widely distributed
over skin, mucous membranes and serous membranes.
Experiment 4.—March 11, 1913: Dog 3 (the dog used in Experiment 3)
Ether anesthesia. Right jugular and right femoral veins exposed.
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Apparatus: A new pipet, similar to that used in last experiment, but gradu¬
ated and arranged for mouth aspiration with sterile cotton air-filter. A sharp
tapered cannula was used as in Experiment 3, but was cemented into an asbestos
stopper. This was made by winding very thin asbestos tape, 1 inch wide, about
the shank of the cannula as a core. The fiber of the asbestos was bound centrally
and marginally by impregnation with a solution of sodium silicate, and medium
size asbestos twine was used as an outer binding. The apparatus was coated
with paraffin mixture 10.
One hundred c.c. of blood were transfused from the jugular vein to the
femoral. The trnsfer was easily effected except for dripping blood when enter¬
ing the second vein. The time of operation was approximately six minutes. The
same amount of blood was removed from the femoral and partially discharged
into the jugular; some difficulty was experienced in entering the vein due to the
sharp cannula, insufficient exposure of the blood-vessel and obscuring of the field
by dripping blood. The dog was killed at the end of the experiment. The same
veins were used as in Experiment 3 with this dog, and necropsy showed them to
be entirely patent and with no evidence of thrombosis.
Clinical Trial, Case 2.—March 16, 1913: G. S., a girl aged 10, was admitted
to the hospital March 2, 1913, with severe scarlet fever of a septic type. There
was a profuse nasal discharge and pronounced angina. A throat culture was
negative for Klebs-Loeffler bacilli. March 5 130 c.c. of antistreptococcus serum
were given without effect. The patient became rapidly worse, and on March 6,
the condition being desperate, it was planned to make a transfusion with the
blood of a convalescent scarlet-fever patient who volunteered for the purpose.
One hundred and fifty ce. of blood were quickly and without difficulty removed
from the median basilic vein of the donor, and an attempt was made to trans¬
fuse this into the median basilic vein of the patient. This latter blood-vessel
was insufficiently exposed to view and took a turn just above the upper
extremity of the skin incision. Dripping of blood from the cannula further inter¬
fered with the accurate introduction of the cannula, which was a sharp one, and
the vein was completely penetrated several times before its canal was finally
entered. About 20 c.c. was eventually delivered, and although the blood remain¬
ing in the cannula appeared perfectly fluid, the length of time which had elapsed,
about fifteen minutes, made it seem somewhat risky to continue the procedure
beyond that time. A further injection of blood was therefore abandoned. The
blood clotted in the cannula at about nineteen minutes, and began to clot in
the cylinder at twenty-two minutes.
There was, of course, no effect to be anticipated from so small an amount of
blood, and the operation had to be reckoned a failure. The patient died March 7
and no necropsy was allowed. The apparatus used in this operation was the
same as noted under Experiment 4.
Experiment 5.—March 17, 1913: To test action of cannula sleeve as an
improvement in teehnic.—Dog 4, male, 11.65 kg. Ether anesthesia. Aseptic
precautions. Both femoral veins exposed.
Apparatus: a 200 c.c. graduated pipet with a special tapered cannula. Par¬
affin coating, mixture 10. An elastic cannula sleeve was contrived by using a
piece of fine rubber tubing 1 cm. in length. This was held by clamping it lon¬
gitudinally in a Carrel serrated clamp, and it was dipped in sterile liquid paraffin
prior to use.
The right femoral vein was entered with the sleeve in position proximal to
the shoulder of the cannula, and 140 c.c. of blood was aspirated as fast as could
be obtained from the vein. As the cannula was removed, the sleeve was pushed
into a position distal to the shoulder, thus covering the opening of the cannula.
No dripping ensued. The cannula was now entered as far as the sleeve through
the wall of the recipient vein, the sleeve was retracted proximally to the
shoulder and the cannula pushed on into the vein up to the shoulder, allowing
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the escape of only a few drops of blood. One hundred and thirty-five c.c. of blood
were allowed to run from the pipet by gravity assisted by gentle blowing. The
time of transfer was four minutes fifteen seconds. No ligatures were necessary;
the skin was sutured and a collodion dressing applied. The dog was allowed
to come from under the anesthetic and made a good recovery.
Observations on the coagulation time of the blood in this experiment will be
found in Table 1.
TABLE 1.—Blood Coagulation Time. Experiment 5
Temp. U. Time Occurrence of Clot
Preliminary coagulation time.
Blood dripping from cannula
after withdrawal from vein,
7' 35".
13' 45"
18' 35"
21'
25' and 30'.
35'
.
37
37
37
37
37
44
44
44
43
43
43
42
42
42
2' 30"
2' 45"
20"
1' 00"
1' 10"
30"
1' 15"
1' 30"
1' 00"
1' 45"
2' 15"
1' 00"
1' 30"
2' 00"
None.
Firm.
None.
Partial.
Firm.
None.
Partial.
Firm.
Very slight.
Partial.
Firm.
Partial.
Partial.
Firm.
Blood still dripped from cannula; coagula¬
tion time not taken.
Blood did not drip from cannula, but could
be easily blown through.
It should be noted in regard to these determinations, which were by the Biffi-
Brooks method, that the loopfuls of blood obtained for observation varied con¬
siderably in volume, owing to the fact that the blood was of necessity allowed to
drip from the cannula on the platinum loops, instead of being collected in the
usual manner by passing the loops over the blood. This, of course, invalidates the
accuracy of this method for determining the clotting time of blood dripping from
the cannula. The application of the cannula sleeve in this operation was found
very satisfactory and effective.
Experiment 6.—April 1, 1913: Illustrating error of technic in coating.—Dog
5, male, 13.6 kg. Ether anesthesia. Aseptic precautions. Both femoral veins
exposed.
Apparatus: a 200 c.c. pipet and a 150 c.c pipet provided with tapered can¬
nulas and cannula sleeves as in Experiment 5, and coated with paraffin mixture
10. After the second coating both cannulas were briefly heated over the free
flame of a Bunsen burner to reduce to a minimum the amount of wax within
their lumen. (This was later recognized as an error of technic.)
A preliminary test of the dog's blood gave a coagulation time of one minute
thirty-five seconds at 37 C. (98.6 F.) by the method of Dale and Laidlaw. This
method was chosen as being best suited to the conditions of the investigations,
Downloaded From: http://archinte.jamanetwork.com/ by a University of Pennsylvania User  on 06/18/2015
68
.
THE ARCHIVES OF INTERNAL MEDICINE
and was especially satisfactory on account of the sharply defined end-point of the
determination.
With the first pipet about 60 c.c. of blood were removed from the right
femoral vein and injected into the left femoral vein. Clotting occurred shortly
after the introduction of the cannula into the recipient vein. The clot was
removed, and at eight minutes the injection was resumed, and all but a small
remainder was delivered without further clotting. At nine minutes the coagula¬
tion time of the blood reserved in the pipet was one minute twenty-five seconds
at 37 C. (Dale-Laidlaw).
With the second pipet a second transfusion was attempted from the right
femoral to the left femoral veins, and clotting again occurred in the cannula
shortly after its introduction into the recipient vein. This clot was removed, and
about 80 c.c. of blood were injected into the vein at four minutes, the remainder
being reserved in the pipet for observation. At eight minutes the coagulation
time of blood dripping from the mouth of the cánula was found to be one
minute twenty-five seconds at 37 C. (98.6 F.). Between nine and ten minutes it
was found that the blood had again clotted in the cannula, but that in the cylinder
remained fluid for more than thirty minutes. Some of this was removed from the
cylinder at thirty minutes and tested for coagulation time. It was found to be
in two minutes ten seconds at 30 C. (86 F.).4 The wounds were sutured, dressing
applied and the dog allowed to come from under the anesthetic. Good recovery.
Experiment 7.—April 3, 1913: To test the correctness of conchisions from
Experiment 6 as to technic of coating.—Dog 5, male, 13.6 kg. (dog used in experi¬
ment 6). Ether anesthesia. Aseptic precautions. Both external jugular veins
used.
Apparatus: Two pipets of 120 c.c. and 200 c.c. capacity, respectively, provided
with tapered cannulas, carefully coated at the proper temperatures and without
flaming; paraffin coating 12.
The right jugular vein was entered against the current and about 80 c.c. of
blood were removed and transferred to the left jugular vein with the current, 2
to 3 c.c. being allowed to remain in the pipet. The time of transfer was two
minutes ten seconds. Preliminary coagulation time was one minute thirty sec¬
onds at 37 C. by the Biffi-Brooks method; one minute twenty seconds by the
Dale and Laidlaw method at the same temperature. At sixteen minutes after
removal from the vein the blood remaining in the pipet was allowed to drip from
the cannula and the coagulation time was found to be one minute twelve seconds
at 37 C. by the Dale-Laidlaw method.
The left jugular vein was entered with the second pipet, against the current,
and 150 c.c. of blood were removed. All but 4 or 5 c.c. of this was transferred
to the right jugular vein. The blood was withdrawn from the vein as rapidly
as it would flow, the time being one minute forty seconds. The heart's action
became coincidently very much accelerated, as also the respiration. The blood
was more slowly introduced into the right jugular vein to avoid overdistention
of the right auricle. The time was three minutes forty-five seconds. The amount
was 145 c.c. The total time of transfer was five minutes thirty seconds. During
the reintroduction of the blood the pulse and respiration fell to about the same
rate as before its removal. Coagulation time of blood dripping from the cannula
after the operation was as follows:
At 6 to 7 minutes after withdrawal from vein :
1 minute 10 seconds to 1 minute 30 seconds at 37 C. by the Biffii-Brooks
method.
1 minute 10 seconds at 37 C. by the Dale-Laidlaw method.
At 18 minutes the coagulation time was 40 seconds at 37 C. by the Dale-
Laidlaw method.
4. Corrected for temperature according to B\l=u"\rker'scurve for human blood3
this would be one minute forty-four seconds at 37 C.
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At 25 minutes the blood had clotted in the cannula, but was still fluid in the
cylinder.
Observation of the blood remaining in the pipet was not continued after
twenty-five minutes. The dog was killed at the end of the experiment. Necropsy
showed a skin infection of wounds in the groins from former operation. The
femoral veins used in the previous transfusion were patent and contained fluid
blood.
Experiment 8.—April 7, 1913: To test further the comparative effects of
proper and improper method of second coating.—Dog 6, male, 11 kg. Ether
anesthesia.
Apparatus: same as used in the last experiment. Two pipets used. Pipet 1
received careful attention in its second coating, especially as to proper tempera¬
ture (60 to 61 C; 140 to 141.8 F.). Pipet 2 received its second coating improp¬
erly as in Experiment 6, the cannula being gently heated over a free flame to
allow the excess of paraffin to be blown out.
Both femoral arteries and external jugular veins were exposed. Using Pipet 1,
200 c.c. of blood were taken from left femoral artery in one minute twenty sec¬
onds, the artery was clamped and one minute later the cannula was introduced
into the left jugular vein. All but 8 c.c. of the blood was injected; time, three
minutes forty seconds. Total time of transfer six minutes forty-five seconds.
Preliminary clotting time of dog's freshly shed blood was one minute twenty
seconds at 37 C. by the Dale-Laidlaw method. At thirty-four minutes forty-five
seconds the blood reserved in the pipet for observation dripped from the cannula
when the sleeve was retracted, and its coagulation time at 35.6 C. was forty
seconds (Dale-Laidlaw). At forty-two minutes forty-five seconds blood still
dripped from the cannula when the sleeve was retracted, and its coagulation time
was 30 seconds at 35 to 36 C. (95 to 96.8 F.) by the Dale-Laidlaw method. At
forty-four minutes forty-five seconds the blood had clotted in the cannula, but
was still fluid in the cylinder, and remained so until sixty minutes forty-five
seconds, when it had just started to clot.
With Pipet 2, 215 c.c of blood were taken from the right femoral artery in one
minute fifteen seconds, and the greater part of this was transferred to the rightjugular vein. The total time was five minutes forty-five seconds. At ten min¬
utes the blood had clotted in the lumen of the cannula. The clot was removed
at fourteen minutes forty-five seconds, and the blood which then dripped away
clotted in twenty seconds at 37 C. (Dale-Laidlaw). The blood again clotted in
the cannula immediately, but remained fluid in the cylinder until twenty-two min¬
utes, when it began to clot. The dog was killed at the end of the experiment.
Experiment 9.—April 16, 1913: Illustrating effect of trauma by stretching
and abrasion of intima.—Dog 7, male, 6.6 kg. Ether anesthesia. Aseptic precau¬
tions. The same apparatus as used in Experiment 8. Preliminary coagulation
time at 37 C, one minute twelve seconds by the Dale-Laidlaw method. Right
femoral and saphenous veins exposed. A part of the latter was selected for entry
which appeared about half the diameter of the cannula. This was, nevertheless,
easily entered by stretching, and about 80 c.c. of blood were slowly aspirated.
The slow withdrawal of blood was due to the small size of the vessel and the
pronounced valve-action of the stretched wall against the mouth of the cannula.
The cannula was removed from the saphenous vein at five minutes twenty sec¬
onds, and was then introduced into the femoral vein. No blood would pass, and
the cannula was immediately withdrawn and found to contain a long clot. The clot
was removed with a small forceps and the cannula again introduced into the
femoral vein at nine minutes thirty seconds after entry into first vein. Half the
amount of blood in the pipet, about 40 c.c, was then injected and at ten minutes
ten seconds a second clot formation occurred which blocked the cannula. This
was removed with difficulty, and no attempt was made to inject the blood remain¬
ing in the pipet. The vein punctures were ligated with fine catgut and the wound
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closed in the usual manner with a collodion dressing. The dog was allowed to
come from under the anesthetic and made a good recovery.
At twelve minutes after first withdrawal from the vein the blood remaining in
the pipet showed a single string of fibrin, and the blood in the cannula had again
clotted. At twenty-five minutes there Avere several long strings of fibrin appar¬
ent on rotating the pipet, but the rest of the blood was still fluid. At thirty-four
minutes a solid clot had formed.
Experiment 10.—April 22, 1913: To confirm the conclusions from last experi¬
ment.—Dog 7 (dog used in Experiment 9). Ether anesthesia.
Apparatus is that used in Experiment 9. Two pipets with sharp-pointed,
tapered cannulas. Paraffin mixture 24.
Preliminary clotting time of dog's blood forty-six seconds at 37 C. (Dale-
Laidlaw ). Left femoral and internal saphenous veins exposed, also both externaljugulars.
With Pipet 1 having a larger tapered cannula, about 160 c.c. were taken from
the right external jugular, against the current, in two minutes ten seconds, and
about one-half of this was injected, against the current, into the left externaljugular in one minute thirty seconds. The total time was four minutes. No
difficulty was experienced. The blood dripping from the cannula was tested
as follows:
At 9 minutes 30 seconds the coagulation time was 20 to 25 seconds at 37 C.
At 34 minutes the coagulation time was 1 minute 2 seconds at 34 C. (temper¬
ature correction negligible).
At thirty-four minutes there was some fibrin formation apparent in the blood
in the cylinder, although the bulk of it was perfectly fluid. At forty minutes
the blood in the cannula and cylinder had clotted firmly. With Pipet 2, which
was fitted with the smaller tapered cannula, the left internal saphenous vein
was entered. This vessel was much smaller in its normal diameter than the
cannula, and the conditions of Experiment 9 were closely simulated; that is, the
distention and flapping of the vein-wall against the mouth of the cannula.
Aspiration was very slow, about 50 c.c. of blood being obtained in eight minutes
fifteen seconds. A very small portion of this blood (about 10 c.c.) was injected
into the left jugular, and at nine minutes thirty seconds the flow was stopped by
a clot in the cannula. There was also observed at this time slight evidence of
fibrin formation in the fluid blood remaining in the cylinder. At nineteen min¬
utes thirty seconds the blood in the cylinder was still fluid, but with more strings
of fibrin. At thirty-two minutes the blood was still fluid, but there was much
fibrin formation. Observation was not continued further. The dog was killed
at the end of the experiment.
Experiment 11.—April 28, 1913: A variation of the last two experiments to
determine the effect of making the recipient vein the traumatized vessel.—Dog
8, male, 9.5 kg. Ether anesthesia. Apparatus, two pipets as used in Experi¬
ment 10. Paraffin coating 24. Preliminary coagulation time of dog's blood one
minute seventeen seconds at 39 C. (102.2 F.) by the Dale-Laidlaw method. Right
femoral, left internal saphenous and both external jugular veins were exposed.
Pipet 1 was introduced into the right jugular vein and 220 c.c. of blood with¬
drawn in one minute forty-five seconds. One minute elapsed in transferring to
the right femoral, and 200 ce. were injected into this vessel in one minute forty-
five seconds, making the total time of transfusion four minutes thirty seconds.
Both tributary and recipient veins were of ample size and no hindrance was met.
Observations on coagulation of the 20 c.c. of blood remaining in the pipet were
as follows:
At 21 minutes 22 seconds, flowed from cannula. Fluid in cylinder, no fibrin.
Coagulation time 1 minute 55 seconds, 37 C.
At 25 minutes, clotted in cannula, fluid in cylinder, with some fibrin formation.
At 35 minutes, clotted in cánula, fluid in cylinder, with much fibrin formation.
At 38 minutes, clotted in cannula, firm clot in cylinder.
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Pipet 2 was introduced into the left jugular vein and 200 c.c. of blood
withdrawn in three minutes forty-five seconds. The internal saphenous vein
selected for the recipient vessel was very small and was much traumatized and
distended in effecting an entrance. When the cannula was in place it was found
that the blood could not be freely injected, even with considerable pressure. At
eight minutes fifteen seconds the instrument was withdrawn and another unsuc¬
cessful attempt was made to inject the same vein at a more proximal point. This
also permitted too slow a delivery on account of the small size of the vessel, and
at nineteen minutes the vein was penetrated at its junction with the femoral,
where there was a free opportunity for discharge, and about 150 c.c. of blood
were then delivered from the pipet. At twenty-three minutes thirty seconds the
blood was found to have clotted in the cannula and there was considerable fibrin
formation in the cylinder. At twenty-five minutes more fibrin appeared and at
thirty-three minutes a firm clot existed. The dog was killed at the end of the
experiment. Necropsy showed no blood-clots in the right heart or in the pulmo¬
nary arteries.
Clinical Trial, Case 3.—April 29, 1913: E. M., a boy, aged 11, had osteo¬
myelitis of the femur with general staphylococcus septicemia, which had run a
chronic course since his admission to the hospital and an operation six weeks
previously. Temperature reached 102 to 103 F. daily. Hemoglobin 30 per cent.
Staphylococcus aureus was obtained from the blood-culture. An uncle had been
immunized with vaccines derived from the infecting organism of the patient for
the purpose of transfusing the staphylococcus-immune blood. The donor's and
recipient's median basilic veins were exposed under local anesthesia and trans¬
fusion carried out with apparatus as used in Experiment 11. One hundred and
fifty c.c. of blood were removed in two minutes fifty seconds, and 100 c.c of the
amount were injected in nine minutes. The recipient's vein was unusually small.
The total time was thirteen minutes fifty seconds. The blood remaining in the
pipet, reserving a very little for observation, was allowed to flow on sterile gauze
for local application to the suppurating sinuses. At twenty minutes there was
evidence of clot formation in the cannula and a few shreds of fibrin could be
seen on agitating the blood remaining in the cylinder; at twenty-six minutes
there was a fairly firm clot in both cylinder and cannula. May 9, ten days later,
the patient's hemoglobin was 80 per cent., temperature practically normal and
local condition improved.
DISCUSSION OF RESULTS
In the preliminary part of the experimental work, that is, up to
Experiment 5, the main requirements of an efficient apparatus were
realized. These essential features are : (a) rigid pipet, arranged for
pneumatic aspiration and discharge, terminating in a tapered cannula
with a smoothly walled channel, the point of the cannula being conical
in shape and having an opening of sufficient size to provide a rapid flow
of blood; (&) a smooth unbroken coating of a suitable paraffin mixture
throughout the apparatus; (c) a means of closing the opening of the
cannula at will, supplied by the obturating sleeve as described in
Experiment 5.
In the course of further experimentation it was found that there
were several errors of technic which materially affected the success of
the operation, and which by proper attention could be avoided. The first
of these errors was in the matter of coating the apparatus. In Experi-
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ment 6, the clotting in the cannula was a bad feature and was evidently
due to heating the cannula over the free flame after the second coating.
In Experiments 7 and 8 this question was further tested and the con¬
clusion was reached that a fairly low temperature at the second coating
is essential in order to insure an intact wall of paraffin in the channel of
the cannula, without which there is a tendency to clot formation in the
cannula and also, to some extent, in the cylinder above.
TABLE 2.—Blood Coagulation Time in Clinical Cases 1   3, and
Experiments 5, 7, 8, 10 and 11*
Case and Experiment
No.
Time of Occurrence of Clot
Formation in Cannula
Time of Occurrence of Clot
Formation in Cylinder
Clinical Case 1.
Clinical Case 2.
Dog 4, Exp. 5.
.
Dog. 5, Exp. 7.(Transf. B)
Dog. 6, Exp. 8.(Transf. A)
Dog 7, Exp. 10.
. .(Transf. A)
Dog 8, Exp. 11_(Transf. A)(Transf. B)
Clinical Case 3.
15 to 20'
19'
35'
25'
44', 45"
34 to 40'
25'
23', 30"
20'
21'
22'
After 35'
Still fluid at 25'
60', 45"
34 to 40'
38'
33'
26'
* In Table 2 are placed the results of observations on the periods of time which
elapsed before coagulation of the blood in the cannula and in the cylinder in those
instances in which the conditions of the experiment can be considered normal;
that is to say, in which no special factors were introduced to influence an early
clot formation.
It was also demonstrated in Experiment 8 that arterial blood can be
very quickly obtained by this method. Whether this would usually neces¬
sitate clamping and tying of the artery, or whether the rent in the
arterial wall can be repaired so as to preserve a functionating vessel as
with a vein, we are, so far as our experience goes, unable to say; but we
believe that the use of arterial blood may prove to be a valuable applica¬
tion of the method in clinical practice.
Another important error, illustrated in Experiments 9, 10 and 11,
was the mistake of inviting clot formation by allowing an undue access
of thromboplastic substance from stretched and broken tissue. In
Experiment 9 the small donating vein was considerably stretched, and
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its intima was probably further damaged by flapping against the edges
of the mouth of the cannula, with the result of an early and repeated clot
formation. In Experiment 10 the blood from the traumatized vessel
showed evidence of fibrin formation in the pipet at nine minutes thirty
seconds as against thirty-four minutes in the control operation where
no trauma was induced. In Experiment 11 the traumatizing of the
recipient vein, on the other hand, though doubtless leading to a liberation
of thromboplastin, did not produce the early clotting effect in the cannula
which was observed when the donating vein was the injured vessel. The
most probable explanation of this observation is that the current of out¬
flowing blood from the cannula carried away from the instrument into
the circulation, any thromboplastin which may have been formed at the
site of puncture.
It is noticeable that there is a considerable range in the period of
fluidity, the variation being from nineteen to forty-five minutes in the
cannula, and from twenty-one to sixty minutes in the cylinder. The
cause of this variation is a matter of speculation, but the most plausible
explanation would seem to be that there are differences in the degree
of manipulation and trauma incidental to each case, and that these
differences resulted in a variation of the amount of thromboplastin
set free. Among other possible factors it may be surmised that the
vascular tissues of some animals are more friable than others, and
that the thromboplastic substance in the tissue lymph of some individuals
is more abundant or more active than in others. It should also be noted
that in Dog 6, Experiment 8, Transfusion A, the comparatively long
persistence of fluidity may have been due to a set of factors peculiar to
this experiment, namely, that the vessel punctured was an artery, the
blood arterial, and the speed with which it was obtained was very much
greater than in the other experiments.
CONCLUSIONS
Generally speaking, a careful technic in the method of transfusion
here described is of paramount importance, and should be based on two
main principles. The first is that there shall be no lapse of the paraffin
coating to act as a starting-point for the arrest and disintegration of
the formed blood elements, or in whatever other way such a moistenable
point may act in initiating a formation of thromboplastin. The second
is that there shall be the least possible injury to the tissues of the donat¬
ing vessel which are exposed directly to the transferred blood, lest there
be, through such injury, an admixture of thromboplastin liberated with
the tissue juices. The necessity for care in guarding against these two
liabilities constitutes the one factor which militates against the simplicity
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and wide usefulness of the method, and it must therefore be considered
a disadvantage. The practical advantages may be summed up as follows :
1. An apparatus has been contrived which is compact, which may be
easily and precisely manipulated with one hand, and which may be
prepared in readiness for immediate use in an emergency.
2. The operation may be easily performed by a single operator with¬
out skilled assistance, and the requisite facility in surgical technic is
possessed by anyone who is able to perform an ordinary intravenous
saline infusion.
3. The arrangement for pneumatic aspiration and discharge of the
blood affords a delicate and convenient means of control.
4. The use of the special stylets for puncturing the exposed vein-wall
insures an entrance of the cannula on the first trial, and by this method
only a small skin incision is necessary. The vessels used are neither
divided nor tied off and the puncture hole is very small, so that subsequent
function is unimpaired.
5. The flow of blood in the donor's and the recipient's veins is not
interrupted at the site of operation, and the danger of clot formation in
clamped vessels is therefore not encountered.
6. The amount of blood transfused and the rate of flow can be
accurately observed.
7. The donor and recipient may be separated by any convenient dis¬
tance, and the risks of tearing apart are eliminated.
8. The materials of the apparatus are glass, silver and asbestos, all
of which can be sterilized by dry heat in an autoclave or in an ordinary
oven.
In a more extensive test of this method of transfusion under varying
clinical conditions, modifications of technic may be advisable. As the
aim is to perfect a method of wide usefulness to the general practitioner,
there are certain improvements still to be sought in the way of greater
simplicity and facility. For instance, it would be desirable to work out
a means of using the apparatus safely without a double paraffin coating,
or possibly to dispense with a complete coating of the cylinder by a
preliminary flushing of the whole apparatus with a solution of hirudin
in normal salt solution. An improvement in technic would be realized
if a simple device were provided for covering the mouth of the cannula
during its passage into the donor's blood-vessel, so as to afford protection
from contact with broken tissue at the point of puncture. From the
indications of work already done toward this end, it is not improbable
that some such improvements can be worked out. Meanwhile we believe
that the results of our experiments have been of sufficient interest to
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report, and that the method so far developed should have a more exten¬
sive clinical trial to determine its usefulness.
We wish here to express our thanks to Professor Frederic S. Lee for his kind
interest in our work, and for valuable suggestions in the preparation of this
paper.
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